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Translation of Japanese Reference 

1 . Title of the Invention: ELECTRODE FOR BIOCHEMICAL SENSORS 

2. Claims 

An electrode for a biochemical sensor, comprising a cathode and a cathode solution, a 
liquid junction for the contact with an outer solution, and an exposed platinum anode, on the 
surface of which an immobilized microorganism, an immobilized bioactive substance, and the 
like can be attached closely. 

3. Detailed Description of the Invention 

The present invention relates to electrodes for biochemical sensors. 

An objective of the present invention is to provide a device for electrochemically 
detecting electrode active substances and electric charge that are generated by the reaction of 
microorganisms, bioactive substances such as enzymes. 

An electrode active substance refers to a substance that can transfer electrons relatively 
easily on the surface of anode or cathode. Various types of oxygen electrodes, which detect 
oxygen, a cathode active substance, are already commercially available as dissolved oxygen 
monitors. However, there is no known electrode for detecting an anode active substance that is 
generated by the reaction of microorganisms or bioactive substances as disclosed in the present 
invention. 

Known anode active substances include hydrogen, formic acid, ethanol, ammonium, 
and hydrogen sulfide, which are generated by microorganisms. Known anode active substances 
generated by bioactive substances such as enzymes include, in addition to the above substances, 
reduced forms of coenzymes such as NAD, FMN, and FAD, and pigments. These electrode 
active substances are oxidized on the anode, releases electrons, which are received by the 
cathode and thereby reducing the cathode, and thus electric current is generated in the circuit 

The present inventors have been conducting basic studies on such biochemical batteries 
utilizing biochemical reactions for about 15 years, and clarified the mechanism for the electrode 
reaction. 

Normally, an H-shaped cell made of glass or plastic is used in devices for such battery 

systems. 

The present inventors discovered that this biochemical battery system could be used for 
measuring a variety of useful bioactive substances, BOD of wastewater, etc. However, the 
shape of normal H-shaped battery cells as described above is not suitable as an electrode for 
biochemical sensors, which continuously detects a target substance by immersing the electrode 
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in sample solutions. 

Therefore, the inventors repeated trial experiments and finally invented a completely 
novel electrode for biochemical sensors. 

Thus, the present invention provides an electrode for biochemical sensors comprising a 
5 cathode and a cathode solution, liquid junction for contact with outer solutions, and an exposed 
platinum electrode, on the surface of which an immobilized microorganism, an immobilized 
bioactive substance, or the like is closely attached. 

The configuration and characteristics of the electrode for biochemical sensors of the 
present invention are specifically described below. 
10 Fig. 1 illustrates an example of the electrode of the present invention. In Fig. 1, the 

numbers represent as follows: L cylindrical cell made of glass, plastic such as acrylic resin, or 
such; 2. platinum anode; 3. liquid junction (for example, anion exchange resin membrane); 4. 
cathode (for example, silver peroxide); and 5. cathode solution (for example, phosphate buffer). 

Immobilized microorganisms or bioactive substances are immobilized to the outer wall 
15 of the cylindrical cell 1 using o-rings and the like to cover the surface of the anode 2. 

The electrode of the present invention without immobilized materials attached to the 
surface of the anode 2 can also be used as an electrode for electrochemical bioassays, for 
example, by immersing the electrode in culture solution of microorganisms. 

The membrane used for the liquid junction may be a membrane of low electrical 
20 resistance such as ion exchange resin, ceramic, etc. The cathode may be an oxidized metal such 
as silver chloride or lead dioxide, or carbon, instead of silver peroxide. 

Example (1) 

An electrode as shown in Fig. 1 was made using a disc-shaped platinum electrode with a 
25 radius of 1 .4 cm as an anode, silver peroxide electrode of 1 cm x 4 cm as a cathode, Selemion 
(type AMV, Asahi Glass Co.), a kind of anion exchange membrane as a liquid junction, and 0.1 
M phosphate buffer [pH 7.0] as cathode solution. 

Collagen membrane (microorganism membrane) containing Pseudomonas fluorescence 
(IFO3081), which catabolizes glucose selectively, was prepared separately according to the 
30 standard method. The membrane was attached to the anode surface of the above electrode, 
covered with nylon net, and immobilized on the outer wall of the cylindrical cell using o-rings. 

When the above electrode (coated with the microorganism membrane) was immersed in 
glucose solution, the electric current values as shown in the following table were obtained. The 
results indicated that as the microorganism in the membrane catabolized glucose, electrode 
35 active substances were generated and reacted with the platinum anode, and electric current was 
generated. Moreover, there was found to be a proportional relationship between the electric 
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current and the glucose concentration. 

Thus, by measuring the electric current using the electrode covered with the 
microorganism membrane, the unknown glucose concentration of a glucose solution can be 
measured easily based on the above proportional relationship between the electric current and the 
5 glucose concentration. 



Table 1. 


Glucose concentration (uM) 


Electric current (uA)* 


20 


44 


40 


39 


50 


33 


60 


30 


70 


26 


80 


22 



* Value of constant electric cuiTent at 30°C obtained 15 min after inserting the electrode 
10 Example (2) 

Collagen membrane containing an alcohol dehydrogenase was used to cover the 
electrode made in Example (1) and immobilized as described therein. When this electrode 
covered with the enzyme-immobilized membrane was immersed in sample solutions containing 
ethanol and NAD, electric currents corresponding to the ethanol concentrations were obtained. 
15 That is, upon the oxidation of ethanol to acetaldehyde by the alcohol dehydrogenase in the 

membrane, coenzyme NAD was reduced to NADH, which then reacted on the platinum anode to 
generate the electric current. 

The relationship between the electric current and ethanol concentration is shown in the 
following table. 

20 Thus, the above electrode covered with an enzyme membrane can be used as. an 

enzyme-membrane sensor. 



Table 2. 


Ethanol (mM) 


Electric current (uA)* 


25 


50 


10 


100 


12 


120 


15 


150 



17 170 

20 200 

* Value of constant electric current for 10 min at 25°C 



Brief Description of the Drawings 

Fig. 1 is a schematic diagram showing an example of the electrode of the present 
5 invention. 

1 . Cylindrical cell (made of plastic or glass, for example) 

2. Platinum anode 

3. Liquid junction (anion exchange resin membrane, for example) 

4. Cathode (silver peroxide, for example) 

10 5. Cathode solution (phosphate buffer, for example) 

[Fig. 1] 
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